OR with solar and geomagnetic activities is not expected to be affected by discontinuous PMSE. It is found that PMSE mono-, double-and tri-layer OR are positively correlated with the K index. The correlation of PMSE mono-and double-layer OR with F10.7 is weak, whereas the PMSE tri-layer OR shows a negative correlation with F10.7.
concentrated on the accurate calculation of PMSE absolute strength as expressed by radar volume reflectivity and found that the inter-annual variations of PMSE volume reflectivity strongly correlate with the local geomagnetic K index and anticorrelate with solar 10.7 cm flux. However, they did not find any statistically significant trend in PMSE volume reflectivity during 1997 . Li and Rapp (2011 reported that PMSE OR at 224 MHz shows a positive correlation with both the solar and geomagnetic 5 activities. PMSE have been detected and widely studied based on long-term observations of many different MST radars (Reid et al., 1989; Thomas et al., 1992; Smirnova et al., 2011) . Since from the first observation of PMSE in 1979, it is well-known that the PMSE observations are different when observed by different frequency radar even at the same sites, and PMSE often shows obvious layered events.
Many studies have widely reported that there is a significant correlation between the ionization level 10 and PMSE observed by 53.5 MHz radar (Inhester et al., 1990; Belova et al., 2007; Latteck et al., 2008) . The correlation of the ionization level with PMSE at 224 MHz is as significant as that the correlation of the ionization level with PMSE at 53.5 MHz, then previous studies provide the research basis and ideas for the PMSE study detected by 224MHz radar. There are still a few significant problems that must be solved with the characteristics of layered PMSE OR. Hence, it is necessary to analyze the layered PMSE
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OR and study layered PMSE characteristics deeply with data measured by 224 MHz EISCAT VHF radar under different observation conditions. The statistical results of layered PMSE OR with the same radar at the same site over the period [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] are given in this paper, which was based on the experiment data detected by 224 MHz EISCAT VHF radar. In addition, the correlation of PMSE OR with geomagnetic K index and F10.7 is analyzed and discussed. The method of the correlation analysis between 20 layered PMSE OR and solar activity and between layered PMSE OR and geomagnetic activity is given in this paper without being affected by the defect of discontinuous PMSE measurements of EISCAT radar.
It makes a significant breakthrough in the characterization of the layered PMSE OR. The aim of the current work is to provide definitive data foundation for further analysis and the investigation of the physical mechanism of PMSE.
2 radar and experiment data description
The PMSE observations used here were obtained with 224MHz EISCAT VHF radar from 2004 to 2015.
EISCAT VHF radar is located at Tromsø, Norway (69.35°N, 19.14°E), using a parabolic cylindrical 120m×40m antenna. It is a powerful tool to study the lower ionosphere. Detailed descriptions of the radar can be found in Baron (1986) . The measurements by EISCAT radar are very well suited for investigating the characteristics of PMSE (for previous work, see e.g. Li et al., 2010 and references therein) . It has frequency and phase modulation capability with pulse length of 1 s  to 2 ms . The parameters are shown in Table 1for accuracy control of EISCAT VHF radar.
5
EISCAT VHF radar ran several standard experiment modes: "manda, beata, bella, tau7, arcd (arc_dlayer) and tau1". The main differences between these experiment modes are illustrated in Table 2 .
The manda and arcd modes mainly used for low altitude detection and provide spectral measurements at mesospheric altitude. Therefore, the accurate data used in this study is mainly provided by manda and arcd modes.
10
. First of all, the heating parts were removed from the data set to avoid the heating effect. After that, the presence of PMSE was defined as the threshold of electron density (Ne >2.6×10 11 m -3 ). We have used the PMSE threshold given by Hocking and Röttger (1997) and Qiang Li (2011) (see Appendix A 10 ), we considered it as a PMSE event. We have considered only those events which PMSE echoes are continuous for time (t ≥ 1 min).
Results
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Layered PMSE events
PMSE occur in thin layers having an average thickness up to 3-4 km of the monolayer, and the mean altitude distribution of PMSE events is 80-90km. It is considered to be the area of independent anomalous echoes. Fig. 1 (a) , (b) and(c) show the typical events of PMSE monolayer, double-layer and tri-layer, respectively. As mentioned in the introduction, a notable feature of PMSE observed by radar is that the 20 radar echoes typically occur in the form of two or more layers. However, the systematic theories of the layering mechanism led to these multiple structures didn't come into being. Here we will study the occurrence of these layered PMSE events and their relationships with solar and geomagnetic activity.
This content will be discussed in detail later in the paper. 
Layered PMSE OR calculation method
The calculation method is based on individual horizontal profiles. (Hoffmann, 2005) .
The layer ranges are identified by an electron density threshold of 2.6×10 11 m -3 (Ne＞2.6×10 11 m -3 ). Once a vertical profile of the electron density has two peaks and these two peaks are higher than the threshold (Ne＞2.6×10 11 m -3 ), we select it as a double layer. The PMSE double-layer OR is the ratio between the 5 sustained time of PMSE double layer and the total observation time. The tri-layer OR is also calculated by the same way.
The variations of layered PMSE occurrence ratios
The layered PMSE OR, layered PMSE occurrence time (OT) and total observing time detected by EISCAT VHF radar from 2004 to 2015 are illustrated in Table 3 . PMSE mono-, double-, tri-layer and
10
total OR are also presented in Table 3 . 
The double-layer PMSE also begins in late May, but its maximum value appears in mid-July. In addition, it keeps the larger value in June and July, and it simply fades away in early August. The tri-layer PMSE appears a lot less in comparison with mono-and double-layer PMSE. In terms of time, it appears later and disappears earlier. Furthermore, the tri-layer PMSE OR is large at the end of June and early July, which is different from monolayer and double layer PMSE OR.
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According to the statistical results, monolayer, double-layer and tri-layer PMSE OR have seasonal variation. Moreover, there is fluctuation in the trends of F10.7 and geomagnetic K index. Therefore, it is necessary to investigate the correlation of solar and geomagnetic activity with different layered PMSE OR during 2004-2015, and we should try to explain the occurrence mechanism of PMSE. It is well known that other missions apart from PMSE regular observations are performed by EISCAT VHF radar, so
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EISCAT radar does not provide continuous PMSE observations. We raise an important question: Table 3 indicates a difference in total observation time for the individual years. How has this been taken into account for the determination of occurrence ratios? To solve this problem, we use another method to recalculate the layered PMSE OR. Then, the correlation between the layered PMSE OR and the F10.7 and between the layered PMSE OR and K index are studied. As mentioned in the calculation method section,
25
we only select the days when PMSE presents and calculate the layered OR of PMSE. 
Discussion
The layered PMSE OR was calculated and the relations among PMSE mono-, double-and tri-layer OR were analyzed statistically. At the same time, the mean seasonal variations of the layered PMSE OR and PMSE total OR have been presented. Hoffmann (2005) shows that the layering occurs because of 10 subsequent nucleation cycles of ice particles in the uppermost (and coldest) gravity wave induced temperature minimum (see Hoffmann, 2005, Figure 3a) . Subsequently, these newly created ice particles grow and sediment down and lead to the distinct layering. Besides, Rapp and Lübken (2004) found that charged ice particles and atmospheric turbulence play major roles in the change of the electron number density that leads to PMSE in the mesopause region. We know that solar and geomagnetic activities have a certain degree of influence on the occurrence of PMSE, however, the effects of solar and geomagnetic activities on layered PMSE are not understood well. Therefore, it is necessary to study the effects of solar and geomagnetic activities on layered PMSE. The occurrence ratio obtained by the ratio of the occurrence time of PMSE to the total observation time is the calculation method in the traditional sense. It is easy to understand and accurately analyze the short-term variations, such as diurnal variation and seasonal 5 variation of PMSE. However, the long-term trend is subject to error and dispute by this calculation method. Furthermore, it is difficult to discuss and analyze the correlation of layered PMSE OR with solar and geomagnetic activities. Therefore, we have presented a new calculation method for calculating the layered PMSE occurrence ratio, which is different from the method given in section 4.2. So that, the layered PMSE OR is relatively accurate. The correlation of PMSE with solar and geomagnetic activities 10 is not expected to be affected by discontinuous PMSE. The study of relations between PMSE and solar activities and between PMSE and geomagnetic activities are significative.
Another method for layered PMSE OR Calculation
The emphasis of this section is to present a hybrid algorithm based on grid partitioning. The calculation method is based on altitude. A large number of literatures and experimental observations have shown that 15 the altitude range of PMSE is 80-90km (Li and Rapp, 2011; Smirnova et al., 2010; Latteck and Bremer, 2013) . Hoffmann (2005) shows a mean height of 84.8 km for monolayer PMSE. In the case of multiple layers PMSE, the lower layer occurs at a mean height of ~83.4 km. The second layer in the case of multiple PMSE layer structures shows a maximum at about 86.3 km (The judging criteria in regard to the multiple layer PMSE see section 4.3). Firstly, we counted the total number of electron density at 20 altitude of 80-90km and then counted the number of electron density satisfying the PMSE threshold (Ne
＞2.6×10
11 m -3 ) in the period when the PMSE is known to be present (if electron density satisfies the threshold Ne＞2.6×10 11 m -3
, we identify layered PMSE exist at this moment). The ratio between the numbers of layered PMSE electron densities values larger than the threshold and the numbers of total electron density at altitude of 80-90 km was calculated. The double-layer and tri-layer PMSE OR 25 calculated by this method is higher than the layered PMSE OR calculated by the method given in section 4.2. The correlation coefficients were calculated between PMSE OR and the 10.7cm of the solar flux index (F10.7) and between PMSE OR and geomagnetic K index, respectively. The PMSE have been identified only for the time of PMSE duration lager than 1 min (t≥1 min). Because the integration time of manda and arcd models are 4.8s and 2s respectively, on the basis of the condition (t≥1 min), the PMSE is needed to be for≥12 and 30 data points, respectively. In this section, the day when the first occurrence of PMSE in 2004 (regardless of duration) was recorded as 1, and the day with the later occurrence of PMSE increased by sequence. Using this sequence as the horizontal axis and layered PMSE OR with different electron density threshold as the vertical axis, the results are shown in Fig. 5, 6 , and 7. That is, Fig. 5, Fig. 6 and Fig. 7 , respectively. We found that the variation trends of layered PMSE OR with different threshold are largely consistent. In addition, the larger the threshold, the smaller the ratio. Smirnova et al. (2010) 10 analyzed day-to-day and year-to-year variations of PMSE OR for different thresholds. They found that the choice of the threshold does not influence the shape of the variation curves for PMSE OR. Zeller and
Layered PMSE OR
Bremer (2009) 
20
there is no obvious correlation between mono-and double-layer PMSE OR and solar activity. Besides, we found that tri-layer PMSE OR and solar activity are in opposite directions. To prove the conclusion, we will calculate the correlation coefficient between layered PMSE OR and solar activity and between layered PMSE OR and geomagnetic activity in the next section. Therefore, the correlation between them can be judged directly. 
10
used in the paper is the median of the K index observed on a magnetometer during a day, where the effect of the heating experiments was removed.
Correlation coefficients
A correlation coefficient is a numerical measure of some type of correlation, meaning a statistical Spearman's rank correlation coefficient is a measure of how well the relationship between two variables 25 can be described by a monotonic function. The Spearman correlation between two variables is equal to the Pearson correlation between the rank values of those two variables. While Pearson's correlation assesses linear relationships, Spearman's correlation assesses monotonic relationships (whether linear or not) (Well and Myers, 2003) . For a sample of size n, the n raw scores Xi, Yi are converted to ranks rgXi, 
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To determine whether a result is statistically significant, a P-value is calculated which is the probability of observing an effect of the same magnitude or more extreme given that the null hypothesis is true (Devore, 2011) . The null hypothesis is rejected if the P-value is less than a predetermined level (usually α=0.05). Where α is called the significance level, and it is the probability of rejecting the null hypothesis given that it is true (a type I error). on one hand, the enhanced solar activity increases the electron density due to the increase of ionization, and with the increase of solar radiation, the photodissociation enhance and the water vapor content is reduced. On the other hand, the positive correlation between PMSE OR and K index may be 20 apprehensible, because the enhanced magnetic activity caused precipitating particles increase in the mesosphere, and lead to increase in electron densities. Latteck and Bremer (2013) show that PMSE are caused by inhomogeneities in the electron density of the radar Bragg scale within the plasma of the cold summer mesopause region in the presence of negatively charged ice particles. Thus, the occurrence of PMSE contains information about mesospheric temperature and water vapor content but also depends on 25 the ionization due to solar electromagnetic radiation and precipitating high energetic particles. However, we still cannot explain why there is a negative correlation between tri-layer PMSE OR and F10.7. This should be noticed in future research.
Correlation between layered PMSE OR, F10.7 and K index
In this paper, the PMSE occurrence ratios with monolayer, double-and tri-layers detected by EISCAT VHF radar during a solar cycle have been presented. The daily and seasonal variation of the layered PMSE was analyzed. We implemented a method to provide more accurate conclusions on the study of the long-term variation of PMSE with different thresholds. The correlation between layered PMSE and 5 solar radiation flux (F10.7) and between layered PMSE and geomagnetic activity (K index) was given.
The following conclusions were reached:
(1) Mono-, double-and tri-layer PMSE have different seasonal behaviors. Monolayer PMSE often begins in late May, reaches its maximum in early June or mid-June, keeps this level until the end of July or beginning of August, and gradually decreases or vanishes when it is close to the end of August or the 10 beginning of September in general, which is in agreement with the earlier report (Smirnova et al., 2011) .
The double-layer PMSE OR reaches its maximum in mid-July and simply fade away in early August.
The tri-layer PMSE appears later and disappears earlier in comparison with mono-and double-layer PMSE, and it is large in the end of June and early July. Data availability. All EISCAT data used in this work have been downloaded at https://www.eiscat.se/schedule/schedule.cgi. 25
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